Abstract. Cuprous oxide (Cu 2 O) thin films were successfully grown on indium tin oxide (ITO) coated glass by sol-gel spin coating using diethanolamine (DEA) as a solubility agent. The films were annealed at 350 °C in 5% H 2 + 95% N 2 atmosphere. The films were characterized by X-ray diffraction (XRD) and field emission scanning electron microscopy (FESEM). Based on the SEM micrograph of the as obtained film, the film shows better coverage with the four sided pyramidal shapes grain size of 108 nm. The prepared Cu 2 O thin film was used as an active electrode for photoelectrochemical cell of ITO/Cu 2 O/PVC-LiClO 4 /graphite. The photoelectrochemical cell was tested using current-voltage characteristic under light illumination of 100 mW/cm 2 .
Introduction
Cuprous oxide (Cu 2 O) is a p-type semiconductor with a direct band gap of 2 eV. It is a suitable material for photoelectrochemical cell applications [1, 2, 3, 4] . Cuprous oxide attracts the most interest because of its high optical absorption coefficient in the visible range and its reasonably good electrical properties [5] . Its advantages are, in fact, relatively low cost and low toxicity. Cuprous oxide thin films are prepared by various methods like reactive sputtering [6, 7] , vacuum evaporation [8] , chemical and thermal oxidation [9, 10] and electrodeposition [11, 12] . In recent times, sol-gel technique has proved to be an attractive method for the preparation of nano scale grain size of metal and metal oxide materials.
In this research, the prepared Cu 2 O thin film was used as an active layer for photoelectrochemical cell of ITO/Cu 2 O/PVC-LiClO 4 /graphite. Photoelectrochemical cells based on Cu 2 O thin films were fabricated and the current-voltage characteristic of photoelectrochemical cell of ITO/Cu 2 O/PVC-LiClO 4 /graphite was studied under light illumination of100 mW/cm 2 and also in the dark.
Methodology
Fig . 1 shows the layer of photoelectrochemical cell of ITO/Cu 2 O/PVC-LiClO 4 /graphite that had been prepared and used in this study. The layers of thin films were prepared by using different techniques for each layer. First layer that had been deposited on the ITO substrate is the Cu 2 O thin film by using sol-gel method and the second layer is PVC-LiClO 4 sheet which had been prepared by casting method. The graphite film had been prepared by electron gun. The details preparation of cuprous oxide thin film was published previously [13, 14] . The prepared films were characterized using X-ray diffractometer (XRD) with Cu Kα1 radiation of 1.541 Å. The surface morphology of the film was investigated by a SUPRA 55VP field-emission scanning electron microscopy (FESEM). The current-voltage characteristic was measure cell simulator SMU236, 150 W connected with personal computer.
Result and discussions
Fig .2 shows the grazing angle of X-ray diffractometer (GAXRD) patterns obtained for the film which was annealing at 350 °C in 5% H 2 + 95% N 2 atmosphere. The GAXRD pattern revealed a crystalline cubic Cu 2 O film characterized by three peaks of (110), (111) 3 shows the surface morphology of the Cu 2 O film deposited onto ITO substrate and the graphite film on glass substrate. The film exhibit a smooth continuous film. The average grains size of the film measured using the field emission scanning electron microscopy is 108 nm. The bigger the grain sizes that can be seen in the micrographs are actually clusters of small grains. Heywang and Thoman (1991) have also reported similar combination of small grain due to high annealing process [15] . The graphite film which was used as a negative electrode revealed the smooth film with very fine grain size of 26 nm. The very fine grain size is suitable to use in photoelectrochemical cell of ITO/Cu 2 O/PVC-LiClO 4 /graphite due to the better surface contact with the polymer electrolyte of PVC-LiClO 4 [16] . Fig. 4(a) shows the current-voltage characteristic of a photoelectrochemical cell of ITO/TiO 2 /PVC-LiClO 4 /graphite in the dark. It is noticeable that the device shows rectification, since the current in the forward bias is anti-symmetric to that in the reverse bias. The reverse bias current is larger than that of forward bias, indicating that the motion of current to the graphite counter electrode is larger than that to the ITO photoanode. This might be caused by the fact that the electronegativity of graphite is higher than that of ITO. The electronegativities of graphite and ITO are 2.6 and 0.3, respectively. Fig. 4(b) shows the current density-voltage characteristic of the device under illumination of 100 mW cm −2 light at 40 °C. The curve is linear indicating that the internal resistance in the device is very high [17] . The internal resistance in the device is contributed by the interfacial contact between layers making up the device, the bulk resistance of each layer and the contact between the wire and ITO photoanode and graphite counter electrode [18] . The high internal resistance will result in low current and high dissipated power in the devices leading to low conversion efficiency. From the figure, the short-circuit current density and open-circuit voltage are obtained from the intersection of the current density and voltage axis, respectively. The best J sc and V oc obtained at 100 mW cm −2 were 3.2 x 10 -11 mA/cm 2 and 0.92 V, respectively. The J sc obtained from this device is low due to Cu 2 O has a direct band gap and is not so sensitive to light in visible region. It will only absorb light in the ultraviolet region, and much of the light is converted into heat upon illumination. The photoelectrochemical cell current could be improved by depositing an organic dye onto the Cu 2 O films [19] , [20] and [21] as a light sensitizer. This material will absorb a larger quantity of light in the visible region to excite more electrons from its molecule, so that it can be directly sent to the conduction band of Cu 2 O film upon illumination. There are also some local impurities, caused by the active behaviour of Cu, and was expected at the boundary of the Cu 2 O/graphite films. This effect has negative influence in the attained voltage and current values and effect the current-voltage characteristic. Most of the charge carriers generated in the front layer of Cu 2 O films are lost through surface recombination [22] . 
